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Rain-‐on-‐snow	  (ROS)	  events	  present	  
enhanced	  flood	  risks	  (rainfall+snowmelt)	  

•  Rössler	  et	  al.	  (2014):	  an	  event	  in	  Bernese	  Alps,	  Switzerland	  reduced	  snow	  depth	  by	  40–60	  cm	  
at	  3	  meteorological	  staOons	  within	  6	  hours	  

•  Marks	  et	  al.	  (1998):	  an	  event	  in	  the	  Pacific	  Northwest	  melted	  35–100%	  of	  the	  snowpack	  on	  
the	  western	  slope	  of	  the	  northern	  and	  central	  Cascades	  



Atmospheric	  river	  (AR)	  storms	  are	  typically	  warmer,	  
with	  higher	  mel2ng	  levels	  than	  other	  storms	  

Kim	  et	  al.	  (2013)	  

600	  m	  rise	  à	  3x	  runoff	  
White	  et	  al.	  (2002)	  



AR	  rain/snow	  ra2o	  is	  
sensi2ve	  to	  temperature	  

Guan	  et	  al.	  (2010)	  
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Data	  Sources	  and	  ROS	  Defini2on	  

ROS	  sta2on:	  
•  Precip.	  >1	  cm/day	  
•  ∆SWE	  <0	  

ROS	  date:	  
•  3	  or	  more	  ROS	  
staOons	  

•  within	  any	  200	  
km	  zonal	  band	  

	  



Rain-‐on-‐snow	  occurrence	  is	  eleva2on-‐
dependent;	  more	  at	  lower	  eleva2ons	  



50%	  of	  ROS	  dates	  are	  also	  AR	  dates	  
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ROS	  occurs	  throughout	  
the	  winter	  season,	  with	  
strong	  connec2on	  to	  ARs	  	  

•  March	  has	  the	  most	  monthly	  ROS	  
occurrence,	  followed	  by	  December	  

•  In	  any	  month,	  the	  proporOon	  of	  ARs	  in	  ROS	  
days	  is	  significantly	  higher	  than	  the	  general	  
AR	  frequency	  in	  precipitaOon	  days	  NOV DEC JAN FEB MAR
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•  ARs	  with	  ROS	  are	  significantly	  warmer;	  daily	  reducOon	  in	  SWE	  is	  
about	  half	  the	  mean	  accumulaOon	  rate	  

•  Streamflow/precip.	  raOo	  is	  about	  50%	  higher	  during	  ARs	  with	  ROS	  

ROS	  vs.	  Non-‐ROS	  ARs:	  Overland	  Characteris2cs	  



AIRS	  retrievals	  reveal	  disOnct	  offshore	  characterisOcs	  of	  
ARs	  with	  vs.	  without	  ROS	  

ROS	  vs.	  Non-‐ROS	  ARs:	  Offshore	  Characteris2cs	  



IVT	  anomalies	  typically	  directed	  from	  the	  tropics/
subtropics	  in	  ARs	  with	  ROS	  	  

ROS	  vs.	  Non-‐ROS	  ARs:	  Offshore	  Characteris2cs	  



Summary	  
•  50%	  of	  ROS	  events	  in	  the	  Sierra	  Nevada	  are	  

associated	  with	  ARs	  
•  Compared	  to	  ARs	  without	  ROS,	  ARs	  with	  ROS	  are	  

on	  average	  warmer	  by	  ~2	  K	  and	  with	  ~50%	  higher	  
streamflow/precipitaOon	  raOos	  (thus	  enhanced	  
flood	  risk)	  

•  ARs	  with	  ROS	  are	  typically	  associated	  with	  IVT	  
anomalies	  directed	  from	  the	  tropics/subtropics	  

•  The	  results	  highlight	  the	  potenOal	  value	  of	  
observing	  these	  events	  for	  snow,	  rain,	  and	  flood	  
predicOon	  
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